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(57) ABSTRACT 
A gear cage assembly configured to Support a plurality of 
planet gear in an air turbine starter is provided including a 
main plate and a back plate. The main plate includes a plu 
rality of legs that extend from a first Surface. A pin protrudes 
from a one of the plurality of legs. A plurality of shallow 
openings formed in the first Surface extends over only a por 
tion of a depth of the main plate. The back plate includes a 
plurality of bearing holes substantially identical to the plural 
ity of shallow openings. A biasing mechanism and at least one 
alignment feature protrude from the back plate. The at least 
one alignment feature and the biasing mechanism are config 
ured to contact at least one of the plurality of legs. A bushing 
mounted within the backplate is configured to receive the pin. 

11 Claims, 8 Drawing Sheets 
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1. 

ARTURBINE STARTER MATCHED SET 
GEAR CAGE ALIGNMENT FEATURE 

BACKGROUND OF THE INVENTION 

Exemplary embodiments of this invention generally relate 
to an air turbine starter and, more particularly, to a retention 
feature for retaining a planetary gear system in an air turbine 
Starter. 

Gas turbine engines, such as those used in aircrafts for 
example, require significant torque be applied to rotate a 
compressor, and thereby provide Sufficient compression to 
start the engine. Electric motors powerful enough to provide 
Such torque can be used, but are relatively heavy. In applica 
tions where gas turbine engines are used for transportation 
purposes, for example aircraft propulsion and power, the 
extra weight of an electric motor is undesirable. An air turbine 
starter (ATS) is generally employed as a Substitute in Such 
applications. The ATS is powered by compressed air from an 
external source. The compressed air passes over blades of an 
air turbine in the ATS and exits the ATS through an air exit 
port. As the air turbine rotates, it rotates a series of shafts 
connected to the compressor in the gas turbine engine, 
thereby providing Sufficient torque to start the engine. 

Conventional ATS systems include a planetary gear sys 
tem. A Sun gear rotates about a central axis, and a ring gear 
rotates outwardly of the Sun gear. Multiple planet gears are 
positioned to transmit rotation between the Sun and ring 
gears. In a known type of planetary gear system, the planet 
gears are mounted on stationary shafts such that each shaft 
provides an inner race for bearings which support the planet 
gears. In such applications, a significant force is continuously 
transmitted to the same angular portion of each planet shaft. 

BRIEF DESCRIPTION OF THE INVENTION 

According to one embodiment of the invention, a gear cage 
assembly configured to support a plurality of planetgear in an 
air turbine starter is provided including a main plate and a 
back plate. The main plate includes a plurality of legs that 
extend from a first surface. A pin protrudes from a one of the 
plurality of legs. A plurality of shallow openings formed in 
the first surface extend over only a portion of a depth of the 
main plate. The back plate includes a plurality of bearing 
holes substantially identical to the plurality of shallow open 
ings. A biasing mechanism and at least one alignment feature 
protrude from the back plate. The at least one alignment 
feature and the biasing mechanism are configured to contact 
at least one of the plurality of legs. A bushing mounted within 
the back plate is configured to receive the pin. 

According to an alternate embodiment of the invention, a 
method for installing at least one planet gear assembly in a 
gear cage assembly including a main plate and a back plate is 
provided. The main plate and the back plate are coupled 
together in an aligned orientation. At least one shallow open 
ing is formed in the main plate and at least one bearing hole is 
formed in the back plate. The main plate and the backplate are 
then disassembled. At least one planet gear assembly is 
installed into the main plate and the backplate. The main plate 
and the back plate are fastened together in an aligned orien 
tation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The Subject matter, which is regarded as the invention, is 
particularly pointed out and distinctly claimed in the claims at 
the conclusion of the specification. The foregoing and other 
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2 
features, and advantages of the invention are apparent from 
the following detailed description taken in conjunction with 
the accompanying drawings in which: 

FIG. 1 is an exemplary air turbine starter of an aircraft; 
FIG. 2 is a perspective view of a main plate of a gear cage 

assembly according to an embodiment of the invention; 
FIG.3 is a side view of the main plate illustrated in FIG. 2; 
FIG. 4 is a perspective view of a back plate of a gear cage 

assembly according to an embodiment of the invention; 
FIG. 5 is an exploded view of a gear cage assembly accord 

ing to an embodiment of the invention; 
FIG. 6 is a side view of a gear cage assembly according to 

an embodiment of the invention; 
FIG. 7 is a side view of a gear cage assembly according to 

an embodiment of the invention; and 
FIG. 8 is a method for installing the plurality of planetary 

gear assemblies within the gear cage assembly. 
The detailed description explains embodiments of the 

invention, together with advantages and features, by way of 
example with reference to the drawings. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring now to FIG. 1, an air turbine starter assembly 20 
associated with a turbine engine, such as on an aircraft for 
example, is illustrated. A source of hot air 22, which may be 
an auxiliary power unit, as typically utilized while an aircraft 
is on the ground, delivers hot, high pressure air into an inlet 
24. The high pressure air flows across a turbine rotor 26, 
causing the turbine rotor 26 to rotate. As the turbine rotor 
rotates 26, it rotates an output shaft 28 through a planetary 
gear system. The output shaft 28 may be utilized as a starter to 
start operation of a turbine engine. A planetary gear system 
includes a sun gear 34 that is driven by a turbine shaft 32 that 
rotates with the turbine rotor 26. The sun gear 34 in turn drives 
a plurality of planet gears 40 housed within a gear cage 
assembly 50. The planet gears 40 include output gear teeth 41 
which drive a ring gear 42. The ring gear 42 drives the output 
shaft 28 through a mechanical connection. 
The gear cage assembly 50 is illustrated in FIGS. 2-7 in 

more detail. The gear cage assembly 50 includes a coupled 
main plate 52 (FIGS. 2, 3) and back plate 80 (FIG. 4), within 
which a plurality of planet gears 40 are supported (FIG. 5). 
The main plate 52 is generally circular in shape and includes 
a plurality of legs 56, Such as 3 legs for example, that extend 
generally outwardly from a first surface 54 in the direction of 
the back plate 80. In one embodiment, the number of legs 56 
is equal to the number of planetgears 40 configured to mount 
to the gear cage assembly 50. Each leg 56 includes a hole 64 
that extends from a free end 58 over a portion of the length of 
the leg 56. In one embodiment, each hole 64 includes a 
plurality of threads (not shown) and is configured to receive a 
shaft of a complementary threaded fastener 120. In one 
embodiment, a pin 70 protrudes outwardly of the free end 58 
of one of the plurality of legs 56, such as the first leg 56a for 
example. The pin 70 is positioned adjacent the hole 64 and is 
configured to engage a complementary portion of the back 
plate 80. One or more of the plurality of legs 56 may include 
a notch 66 located adjacent one of either a first side 60 or a 
second side 62 of the free end 58. In one embodiment, a 
second leg 56b has a first notch 66'adjacent a first side 60 and 
a second notch 66" adjacent the second, opposite side 62 of 
the free end 58, and a third leg 56c includes a third notch 66" 
adjacent a first side 60 of the free end 58. 

Multiple shallow openings 72 are formed in the first sur 
face 54 of the main plate 52. The main plate 52 includes a 
shallow opening 72 for each planet gear 40 that the gear cage 
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assembly 50 is configured to Support. The shallow openings 
72 are arranged generally centrally between two adjacent legs 
56, and each extends through only a portion of the thickness 
of the main plate 52 (FIG. 6). 
The back plate 80 of the gear cage assembly 50 is illus 

trated in more detail in FIG. 4. The back plate 80 is generally 
circular in shape and includes a plurality of bearing holes 86 
Substantially identical to and configured to align with the 
shallow openings 72 of the main plate 52 such that the shallow 
openings 72 and the bearing holes 86 are arranged in pairs. In 
one embodiment, a bushing 88 is housed within a portion of 
the back plate 80 such that the bushing 88 is generally flush 
with a surface 82 of the back plate. The bushing 88 is config 
ured to receive the pin 70 protruding from one of the plurality 
of legs 56 on the main plate 52. The back plate 80 includes at 
least one alignment feature 90 that protrudes from the surface 
82 in the direction of the main plate 52. In one embodiment, 
the back plate 80 includes a first alignment feature 90' posi 
tioned between a first bearing hole 86a and a second bearing 
hole 86b, and a second alignment feature 90" positioned on an 
opposite side of the second bearing hole 86b, between the 
second bearing hole 86b and a third bearing hole 86c. Each 
alignment feature 90 is configured to engage a notch 66 on 
either the first side 60 or the second side 62 of one of the 
plurality of legs 56. A biasing means 92 mounted to the 
Surface 82 also engages a notch 66 on one of the plurality of 
legs 56. In one embodiment, the biasing means 92 is a leaf 
spring positioned between the second bearing hole 86b and 
the first alignment feature 90'. The biasing means 92 biases 
the back plate 80 relative to the main plate 52 such that the 
plurality of shallow openings 72 and the plurality of bearing 
holes 86 are substantially aligned. 

Housed within each shallow opening 72 of the main plate 
52 and each bearing hole 86 of the back plate 80 is a first 
portion 102 of a bearing element. In one embodiment, the first 
bearing portion 102 is an outer race of a rolling element 
bearing. The first bearing portion 102 has a diameter gener 
ally equal to or slightly smaller than the diameter of the 
shallow opening 72 or the diameter of the bearing hole 86. In 
one embodiment, each first bearing portion 102 includes at 
least one flange 104 for connecting the first bearing portion to 
one of the main plate 52 and back plate 80. Fasteners 106 
couple the flanges 104 of each first bearing portion 102 to 
either surface 54 of the main plate 52 or to surface 82 of the 
back plate 80 such that each first bearing portion 102 is 
retained within a respective shallow opening 72 or bearing 
hole 86. 
As illustrated in FIGS. 5 and 6, each planet gear assembly 

130 includes a planet gear 40 mounted on a gear shaft 112. 
The planet gear 40 is configured to rotate with the gear shaft 
112 in response to rotation of the Sun gear 34. A second 
portion 108 of a bearing element, complementary to the first 
bearing portion 102, is mounted adjacent both a first end 114 
and a second, opposite end 116 of each respective gear shaft 
112. In one embodiment, the second bearing portion 108 
includes an inner race and a roller element. Each second 
bearing portion 108 mounted adjacent the first end 114 of a 
gear shaft 112 is received within one of the first bearing 
portions 102 connected to the main plate 52. Similarly, each 
second bearing portion 108 located near the second end 116 
of a gear shaft 112 is arranged within one of the first bearing 
portions 102 coupled to the back plate 80. Installation of the 
planet gears 40 places the free ends 58 of the plurality of legs 
56 in contact with the surface 82 of the back plate 80 such that 
the alignment features 90 and biasing means 92 engage the 
notches 66 of nearby legs 56. Fasteners 120 extend from an 
opposite surface 84 of the back plate into the holes 64 formed 
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4 
within each leg 56 to retain the main plate 52, back plate 80. 
and therefore the planet gears 40 in a desired orientation. 
A method 200 of assembling the plurality of planet gears 

assemblies 130 into the gear cage assembly 50 is illustrated in 
FIG. 8. Before the planet gears assemblies 130 may be 
mounted within the gear cage assembly 50, the plurality of 
shallow openings 72 and bearing holes 84 must be formed in 
the main plate 52 and back plate 80 respectively. As shown in 
block 202, the main plate 52 and back plate 80 are aligned and 
connected to ensure that the first bearing portions 102 align 
when installed within the gear cage assembly 50. The pin 70 
extending from one of the plurality of legs 56 is inserted into 
the bushing 88 of the back plate 80 and then the back plate 80 
is rotated relative to the main plate 52. In the rotated position, 
the first alignment feature 90' and the biasing means 92 
engage one of the plurality of legs 56 including a first notch 
66" and a second notch 66", and a second alignment feature 
90" is arranged generally adjacent anotch 66 on another of the 
plurality of legs 56. Once aligned, the fasteners 120 are 
installed to retain the back plate 80 and the main plate 52 in 
this aligned orientation. In block 204, the shallow openings 
72 and bearing holes 84 are formed so that the planet gear 
assemblies 130 will be properly aligned when installed in the 
gear cage assembly 50. At least one of the shallow openings 
72 and one of the bearing holes 84 are formed together in a 
single manufacturing operation. 

After the plurality of shallow openings 72 and bearing 
holes 82 are formed, the back plate 80 is disassembled from 
the main plate 52, as shown in block 206. In block 208, the 
planet gear assemblies 130 are connected to both the main 
plate 52 and back plate 80 of the gear cage assembly 50. Each 
first bearing portion 102 is mounted within a shallow opening 
72 of the main plate 52 or a bearing hole 84 of the back plate 
80. The second bearing portions 108 mounted adjacent a first 
end 114 of each gear shaft 112 are then positioned within the 
first bearing portions 102 connected to the main plate 52. 
Similarly, the second bearing portions 108 mounted adjacent 
the second end 116 of each gear shaft 112 are arranged within 
the first bearing portions 102 coupled to the back plate 80. As 
shown in block 210, the back plate 80 and the main plate 52 
are then realigned and fastened together in a desired orienta 
tion by inserting the pin 70 within the bushing 88 and then 
rotating the back plate 80 until at least one of the alignment 
features 90 and the biasing mechanism 92 engage a corre 
sponding notch 66 on one of the plurality legs 56. 
While the invention has been described in detail in connec 

tion with only a limited number of embodiments, it should be 
readily understood that the invention is not limited to such 
disclosed embodiments. Rather, the invention can be modi 
fied to incorporate any number of variations, alterations, Sub 
stitutions or equivalent arrangements not heretofore 
described, but which are commensurate with the spirit and 
scope of the invention. Additionally, while various embodi 
ments of the invention have been described, it is to be under 
stood that aspects of the invention may include only some of 
the described embodiments. Accordingly, the invention is not 
to be seen as limited by the foregoing description, but is only 
limited by the scope of the appended claims. 

The invention claimed is: 
1. A gear cage assembly configured to Supporta plurality of 

planet gears in an air turbine starter comprising: 
a main plate including: 

a plurality of legs extending outwardly from a first Sur 
face; 

a pin protruding from a free end of one of the plurality of 
legs; and 
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a plurality of shallow openings formed in the first sur 
face, extending over only a portion of a depth of the 
main plate; and 

a back plate configured to couple to the main plate, includ 
1ng: 
a plurality of bearing holes substantially identical to the 

plurality of shallow openings, wherein each bearing 
hole is configured to form a pair with one of the 
shallow openings; 

a biasing mechanism and at least one alignment feature 
protruding from a second surface of the back plate, 
wherein the at least one alignment feature and the 
biasing mechanism are configured to contact at least 
one of the plurality of legs; and 

a bushing mounted within the back plate such that the 
bushing is configured to receive the pin. 

2. The gear cage assembly according to claim 1, further 
comprising a first bearing portion mounted within each of the 
plurality of shallow openings and the plurality of bearing 
holes. 

3. The gear cage assembly according to claim 1, wherein 
the first bearing portions mounted within the plurality of 
shallow openings are configured to receive a second bearing 
portion mounted adjacent a first end of a planetgear assembly 
and the first bearing portions mounted within the bearing 
holes are configured to receive a second bearing portion 
mounted adjacent a second end of a planet gear assembly. 
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4. The gear cage assembly according to claim 3, wherein 

each planet gear assembly includes a gear shaft configured to 
rotate relative to the main plate and the back plate. 

5. The gear cage assembly according to claim 1, wherein 
each shallow opening is positioned generally centrally 
between a pair of adjacent legs. 

6. The gear cage assembly according to claim 1, wherein 
the plurality of shallow openings equal the plurality of legs. 

7. The gear cage assembly according to claim 1, wherein 
the at least one of the plurality of legs includes a notch 
adjacent aside of the leg and the at least one alignment feature 
engages the notch. 

8. The gear cage assembly according to claim 7, wherein 
the main plate includes a first leg having a first notch adjacent 
a first side and a second notch adjacent a second side, and a 
Second leg having a third notch adjacent a first side. 

9. The gear cage assembly according to claim 8, wherein a 
first alignment feature engages the first notch, the biasing 
means engages the second notch, and a second alignment 
feature engages the third notch. 

10. The gear cage assembly according to claim 1, wherein 
the free end of each of the plurality of legs is configured to 
contact an opposing surface of the back plate. 

11. The gear cage assembly according to claim 10, wherein 
a hole extends from the free end over a portion of a length of 
each leg and is configured to receive a fastener. 
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